Abstract. This research is aimed at predicting the rail gauge and wheel flange contacts and their influences to wear rate using pin-on-disc method. A real model using a pin to represent a wheel component and a disc to represent a rail component were fabricated for the experiments. The experimental results were analyzed and the empirical formula of the wear depths as functions of applied load, bulk temperature and sliding velocity were obtained to describe the behavior of the systems. The results showed that the wear depth increased linearly with the increasing in applied load and temperature, while it decayed exponentially with the sliding velocity. The results were found to agree with the twin disc models from previous research works.
Introduction
Rail and wheel suffer damage on each contact surfaces such as wear, erosion and plastic deformation. The wear of material is based on the operating condition of surfaces where a slight change may influence the wear rate significantly. For the case of the railway operation, cyclic loading exists on both wheel and rail. The wheel load which consists of contact stress distribution, subsurface stress, and plastic deformation can lead to rolling contact fatigue.
The lubrication system of rail and wheel contact surfaces to decrease the wear rate is currently available; however wear is still a huge problem on rail and wheel contact due to abnormal operating conditions. The maintenance cost of wear and fatigue of wheel and rail contacts is estimated to be about 1.2 billion USD in China annually [1] . The wear of rail gauge and wheel flange contact has been found to be more severe as compared to the rail head and wheel tread contact [2] . The surface interaction of the rail gauge and wheel flange can be considered as sliding contact.
Over the years, a number of wear theories that are applicable to the rail vehicle wheels and rails have been formulated [3] - [12] . These theories apply to wear processes in various wear regimes, and they range in complexity from a single parameter to relatively complex expressions. At the same time, the understanding of the contact patch mechanics and of rail vehicle dynamic modeling has been developed using analytical predictions of the forces and motions in the contact patch with fair confidence.
Many researchers have proposed rail head and wheel tread contact models. Two roller rigs have been chosen to simulate rail head and wheel tread contact [4] - [6] . It was found that the rolling-sliding contact occurs in the surface contacts. Four wear modes, referred to as mild, severe, heavy and catastrophic, have been identified in the laboratory tests [3] , [6] - [10] . 
MATEC matec
A few researchers have proposed a model of sliding contact interaction between rail and wheel [11] , [12] . Lee and Polycarpou [11] simulated sliding contact using scratch apparatus test. This method allowed many scratches at the same location. Asih et al. [12] simulated sliding contact using finite elements method. Based on these results, many researchers have decided to use the rail head and wheel tread contacts for their analysis, but only few researchers used the model of sliding contact of rail gauge and wheel flange. This paper aims to determine the wear rate using pin-on-disc method. Research on the wear of rail and wheel contact has investigated in single factor, such as contact pressure, sliding velocity, and temperature contact. The interaction effect of combining factors on the rail and wheel wear has lack in consideration. This work is focused upon wheel flange-rail gauge wear analysis on combining factor effect. Wheel flange-rail gauge contact could be simulated using pin-on-disc method. Pin-on-disc laboratory simulations were used for prediction of actual rail and wheel sliding wear at dry condition.
Method and materials

Materials and experimental setup
The compositions of materials used in this research are shown in Table 1 , namely UIC 60 rail steel and R8 wheel. The experiments were conducted using Ducom multi specimen testing machine designed according to ASTM G99 standards [13] . The rail steel was cut to form disk specimens, with each having dimensions of 42 mm in diameter and 5 mm in thickness. The pin samples were prepared to have dimension of 6 mm in diameter and 12 mm in length. 
Wear rate experiments
Both pin and disc samples were fabricated using the real rail and wheel materials. The calculations of wear rate was done for pin and disc materials in dry conditions. The testing was performed under pin rotating speed of 100, 200, 300, 400, 1000, and 2000 rpm. Each specimen was tested under 40, 60, 80, 100 and 120 N loads. The schematic diagram of the experiment is shown in figure 1 . 
From equation 2, it can be predicted that the wear rate approaches to the value of 882 μm as the velocity increases to infinity. The depth of wear is influenced by various bulk temperatures are shown in Fig. 4 . The wear depths are found to be 395.67 μm, 768.45 μm, 1184.78 μm, and 1447. 86 μm for the bulk temperatures of 298, 323, 348, and 378 K respectively. The relationship between the bulk temperature and wear depth is:
Wear depth = -3827.0303 + 14.2692 (bulk temperature)
These results have the same trend compared to the studies conducted by Gallardo-Hernandez et al. who used twin discs model [15] . 
Conclusions
In this study, wear characteristics for railway material were investigated using pin-on-disc method. All of these results were found to agree with the experimental results obtained from the twin disc models. Finally, it is concluded that the wear characteristics of the rail and wheel can be predicted using pin-on-disc method which is simpler to be used.
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